INTRODUCTION
============

Pilonidal disease (PD) is a common condition that affects younger patients, and occurs predominantly in the sacrococcygeal region. Incidence is reported as 26 per 100,000 population \[[@B1]\]. It occurs more frequently in young men. The onset is rare before puberty and after the age of 40 years \[[@B1],[@B2]\]. Eradication of the sinus tract and complete healing of the overlying skin are essential principles of surgical treatment. Several treatment modalities have been advocated for PD ranging from conservative nonsurgical treatments to extensive resections followed by flap procedures \[[@B3]-[@B6]\]. Although the most preferred surgical procedure is wide excision, the reconstruction step is still controversial \[[@B3],[@B4]\]. Reconstruction procedure is closely related to postoperative morbidity and recurrence. None of reconstruction procedures eliminate the risk of recurrence. Despite the ongoing debates about the best surgical technique for the treatment of PD, it is generally accepted that an ideal surgery should be simple, should not need a prolonged hospital stay, should have a low recurrence rate, should be associated with minimal wound care, and decrease patients\' time off work \[[@B7]\].

High recurrence rate and high infection rate are the main problems for the primary closure technique \[[@B8]\], whereas a number of studies have reported a low recurrence rate after Limberg flap repair \[[@B9],[@B10]\]. On the other hand, morbidity related to infection and recurrence has not been completely eliminated after Limberg flap repair \[[@B3]-[@B6]\]. All methods used in PD treatment have different recurrence rates and many factors contribute to recurrence. Body mass index (BMI), volum of the specimen, weight and length of the specimen have been evaluated as risk factors for recurrence. Yet the results of these studies are controversial \[[@B5],[@B11]-[@B15]\]. To our knowledge, no study has investigated the ratio between sinus volume and BMI as risk factor for recurrence. For these reasons, we attempted, in this study, to discover a new indicator for risk of recurrence with a better specificity level.

METHODS
=======

Between January 2007 to February 2011, patients who underwent surgery for PD at two hospitals (1 university hospital and 1 country hospital) were evaluated. The study was approved by the local ethical committee. Signed and informed consent was obtained from all patients by the responsible surgeon. The study was designed as a clinical observational study. The surgeons decided on the type of surgery on the basis of personal experience and subjective estimation, and no preferential criterion was employed for the surgical procedure to be used. Patients with an acute pilonidal abscess were treated by a simple incision and with antibiotics before the surgical procedure. One hundred twenty-four patients with primary nonrecurrent PD underwent one of two types of surgical procedures (primary closure or classic Limberg flap). The patients treated with other surgical techniques were excluded. Twenty-six of the 124 patients could not be fully followed up. Therefore, 98 patients with a follow up of at least 1 year were enrolled in this study. Fifty-four patients (group PC) were treated with excision and primary closure, whereas another 44 patients (group LF) were treated with excision and classic Limberg flap repair.

Following medical evaluation, the patients were admitted to the hospital on the day of surgery. All procedures were performed under spinal anesthesia in the prone position. The operative field was prepared by separating the buttocks with an adhesive tape. Dissection was performed using electrocautery. All patients received cefazolin (1 g intravenously) for prophylaxis immediately before the operation. The extent of the sinus tract was delineated by infusing each sinus opening with diluted methylene blue dye. After excision of specimen was completed, the lesion was reinjected with methylene blue and the specimen was then examined to see if removal had been complete.

In group PC, the sinus was resected *en bloc* through a longitudinal incision. The incision was elliptical with its lateral margins equidistant from the midline at a level that would allow apposition of the wound edges. The incision was carried vertically down to the presacral fascia. Minimal dissection of the subcutaneous adipose tissue over the fascia was done along the length of the defect edges. It should be possible to achieve proper approximation of tissues in the midline. The fat was closed with interrupted 3-0 absorbable sutures in three layers to minimize tissue traction. At the first layer, fat masses were sutured to each other and to the underlying presacral fascia ([Fig. 1](#F1){ref-type="fig"}). The skin edges were closed with interrupted polypropylene, taking care to achieve accurate apposition of the skin edges. Prophylactic cavity drainage was not performed in this group.

In group LF, the sinus was resected *en bloc* with a rhomboid excision. The rhomboid incision including the sinus and its extensions were made down to the presacral fascia. The Limberg flap was then prepared from the right or left gluteal region. The constructed flap, incorporating the gluteal fascia, was mobilized on its inferior edge and transposed medially to fill the Limberg defect. The subcutaneous layer was approximated with 3-0 absorbable interrupted sutures over a vacuum drain. The skin was closed with polypropylene sutures. The drains were removed after drainage decreased to less than 10 mL/day.

Follow-up was by review in the outpatient departments and telephone survey. Patients were reexamined at 5 days, 2 weeks, 1 and 3 months postoperatively. After the third month, patients were contacted by phone and asked whether they had any problems. Finally, all patients were interviewed by phone in February 2011.

Age, gender, skin color, BMI, occupation, hairy characteristics, location of sinus orifices, volume of the specimen (VS), duration of surgery, mean hospital stay, postoperative complications, hypoesthesia, time off work, and recurrence were recorded for each patient. Postoperative infection was defined as the development of cellulitis and/or purulent discharge from the wound edges. In the case of wound infection, the wound was drained by the removal of a few sutures, covered with daily dressings, and oral cefuroxime was given for 7 days. Time off from work was subjectively defined by each patient. In order to define the postoperative time off work, the patients were asked when they felt would be convenient to start their daily activities.

A measuring cylinder was used to measure the VS. Firstly, we poured a known amount of water into a measuring cylinder and then placed the specimen into the water and ensured that it was completely submerged. We noted the increase in the height of the water. The increase in volume from the original volume of water was accepted as VS. We calculated the VS/BMI ratio for each patients. The VS/BMI ratio was defined as the specimen index (SI).

Statistical analysis
--------------------

Categorical variables were analyzed by chi-square test; continuous variables were analyzed by the Mann-Whitney U test. Statistical significance was defined as a P-value of less than 0.05. ROC analysis was used to observe predictive values. ROC curves for the VS and SI were generated. Areas under the curve (AUC) and the associated P-value were determined. Sensitivity and specificity of SI and VS were also measured.

RESULTS
=======

Ninety-eight patients (85 men and 13 women) with a mean age of 25.8 ± 3.1 years who underwent primary closure or classic Limberg flap repair for PD were enrolled in the study. There were no statistically significant differences between the groups with respect to sex distribution, age, BMI and follow-up time. Significant differences were found between group PC and group LF in terms of duration of surgery (P \< 0.001), hospital stay (P \< 0.001), time off work (P = 0.026) and hypoesthesia (P = 0.039). There were no statistically significant differences between the groups with respect to postoperative complication rates and recurrence rates ([Table 1](#T1){ref-type="table"}). Patients were analyzed according to their skin color characteristics, occupation and hirsute characteristics as risk factors for recurrence. The locations of sinus orifices were also examined. These results failed to show any statistical significance ([Table 2](#T2){ref-type="table"}). The recurrence rate and type of surgery were not found to differ between the two hospitals (data not shown).

During the follow-up, recurrence was observed in 10 patients (6 patients in group PC, and 4 patients in group LF). These recurrences occured in the fourth month in 2 patients, eighth month in 7 patients, and first year in 1 patient. In group PC, the mean follow-up period was 21.2 ± 12.2 months for patients with recurrence and 18.6 ± 11.4 months for patients without recurrence (P = 0.606). In group LF, the mean follow-up period was 18.3 ± 10.9 months for patients with recurrence and 21.7 ± 10.9 months for patients without recurrence (P = 0.554).

When BMI, VS and SI were evaluated, VS and SI were found to be higher in patients with recurrence, in both groups ([Table 3](#T3){ref-type="table"}). The ability of VS and SI to predict recurrence was further examined by ROC curve analysis. In group PC, AUC for SI was 0.94 (95% confidence interval \[CI\], 0.874 to 0.995) with a standard error of 0.031; and for VS was 0.89 (95% CI, 0.807 to 0.967) with a standart error of 0.041 ([Fig. 2](#F2){ref-type="fig"}). ROC analysis demonstrated that the best predictive value of SI and VS was 1.29 and 30.5, respectively. With these cut-off values, sensitivity and specificities were 85.7% and 90.7% for SI and 71.4% and 85.1% for VS, respectively ([Table 4](#T4){ref-type="table"}). In group LF, AUC for SI was only 0.76 (P = 0.079) and for VS was only 0.69 (P = 0.213).

DISCUSSION
==========

The principal findings of this study is that SI was a better predictor of recurrence in patients treated with primary closure. The main aim of primary closure is rapid healing. But different recurrence rates (9 to 25%) have been reported after primary closure \[[@B16],[@B17]\]. A meta-analysis comparing healing by primary closure and open healing after surgery for PD showed that recurrence was less likely to occur after open healing \[[@B18]\]. In all kinds of excision plus flap procedures for PD, recurrence rates are between 1% and 7% in the literature \[[@B3],[@B4],[@B19],[@B20]\].

In this study, two groups were different in terms of prophylactic drain usage. It was reported that routine drain use has no effect on recurrence rate and postoperative complication rate after primary closure \[[@B15],[@B21]\]. There has been a tendency to use drains after Limberg flap transposition and prophylactic cavity drainage to prevent complications being recommended \[[@B22]\]. Our technique of excision and primary closure with a triple layer of interrupted sutures builds a thick, fat pad between the sacrum and skin. The 3 layers of stitches in subcutaneous tissues also stabilize fat-on-fat and facilitates wound opposition with no remaining dead space. Thus, prophylactic cavity drainage was routinely performed in group LF, whereas no drain was used in group PC.

In this study, the two groups were similar in terms of wound infection and dehiscence rates. Wound infection was encountered in 7.4% and 9% of patients in group PC and group LF, respectively. Partial wound dehiscence was encountered in 9.2% and 9% of patients in group PC and group LF, respectively. This compares well with the published series \[[@B17],[@B19],[@B23]\]. In addition, all of our patients experiencing complications were improved completely with antibiotics, simple drainage and daily dressing.

In this study, the mean hospital stay was found to be significantly longer in patients treated with Limberg flap (P \< 0.001). In our study, the hospital stay for patients treated with primary closure was shorter than 4.8 days as reported by Mahdy \[[@B19]\]. The hospital stay for patients treated with Limberg flap was also in accordance with the literature \[[@B19],[@B20]\]. In our study, hypoesthesia was encountered in 3.7% of patients in group PC and 18.2% of patients in group LF. This difference was statistically significant (P = 0.039). Time off work was significantly shorter for patients treated with primary closure as compared with patients treated with Limberg flap repair (9.7 ± 3.4 days vs. 11.8 ± 4.6 days, respectively).

In our study, the recurrence rate was 11% in group PC and 9% in group LF. The relationship between BMI and recurrence or postoperative complications are controversial \[[@B5],[@B12],[@B14]\]. Kaymakcioglu et al. \[[@B24]\] determined that volume of the sinus tract was to be the factor significantly effecting recurrences.

Limberg flap has a lower incidence of recurrence compared to primary closure. In this study the incidence of recurrence was similar between the two groups \[[@B25]\]. The results of this study showed that recurrence is higher in patient with high VS regardless of the operation method as large volumes of tissue excised resulted in a greater recurrence rate. Furthermore, larger volumes of tissue were excised during LF compared to PC suggesting in itself that the two groups were not similar in respect to their pilonidal sinus disease. In patients with extensive disease, the volume of tissue to be excised will be greater in removing all branches of the sinus tract. The high VS refers to extensive disease. The VS in recurrent patients that underwent primary closure seems to equal the VS of nonrecurrent patients in the flap reconstruction group (34.2 ± 4.2 vs. 33.9 ± 9.2). In this study, the mean values of VS and SI were significantly lower for the patients without recurrence than those with recurrence, in both groups. The ability of VS and SI to predict recurrence was examined by ROC curve analysis. VS and SI had the least AUC in patients treated with Limberg flap. This finding clearly indicates that VS and SI are not predictive factors for recurrence in patients treated with Limberg flap. On the other hand, ROC curve analysis showed that VS and SI are predictive factors for recurrence in patients treated with primary closure (AUC for SI was 0.94 and for VS was 0.89), nevertheless our new index had higher sensitivity and specificity than VS (sensitivity 85.7% vs. 71.4% and specificity 90.7% vs. 85.1%).

The limitations of our study includs a relatively small sample size and short follow-up period (average, 19.98 months). However, recurrence of PD occurs mostly in the first 9 months after the treatment \[[@B8],[@B26]\]. In our study, 9 of 10 recurrences occurred in the first 8 months of treatment, and the difference of mean follow-up period was not significant for patients with recurrence and without recurrence. Another interesting finding was the difference in VS and SI between the groups. The choice of the surgical technique was probably biased and dictated by the extent of the PD. The VS and SI values were significantly higher in group LF compared with group PC. As mentioned in the \"METHODS\" section, no preferencial criterion was employed for the surgical procedure to be used, the surgical procedure being chosen by the surgeon at his own preference. We speculate that the surgeons have preferred the flap transposition as treatment choice when faced with advanced disease.

In conclusion, the results of this study indicated that recurrence is higher in patients with high VS regardless of the operation method. SI can be a predictive value in patients treated with primary closure. If primary closure is chosen for treatment of PD, SI should be less than 1.29. If it is higher than 1.29, the wound should be left to heal by open method or should be closed with a flap procedure to minimize risk of recurrence.
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Baseline characteristics and clinical outcomes of of the patients
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Values are presented as mean ± SD or number (%).

PC, primary closure; LF, Limberg flap repair.
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Factors assessed for recurrence

![](jkss-83-367-i002)

###### 

BMI, VS and SI results of groups, and relationship with recurrence
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BMI, body mass inedx; VS, volume of the specimen; SI, specimen index; PC, primary closure; LF, Limberg flap repair.
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Sensitivities, specificities and cut-off points with corresponding AUC for VS and SI as predictive factors of recurrence in patients treated with primary closure
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AUC, area under the curve; VS, volume of the specimen; SI, specimen index.
